The regulation of cell division by the co-ordinated control of the cell cycle clock through its various stages is essential to the healthy functioning of all organisms -from bacteria to humans. Loss of cell cycle control plays an important role in cancer, and its restoration is currently the target of potential new therapeutics.
Many of the proteins involved in cell cycle control are already known; in humans, for instance, the cyclin dependent kinases (CDKs) regulate different phases of the cell cycle through reversible phosphorylation that is, in itself, controlled by another group of proteins, known as cyclins. But what has not previously been well understood is how the regulators of the cell cycle are themselves transcriptionally regulated -so the map of the cell cycle has been incomplete.
The Whitehead team studied nine cell cycle transcription activators in yeast, each of which was known to be involved in turning on genes needed for specific stages of the cycle. What they foundsomewhat to their surprise -was that each of the activators also acted as a bridge to the next stage, turning on transcription of the corresponding regulator involved in the next stage of the cycle. This means that the cell cycle regulators -the 'master switches' -form their own closed circuit ensuring smooth running of the cell cycle clock. The challenge now is to construct a complete map of the cell cycle, including all the levels of control.
The current study made use of a new technique for studying DNA-protein binding called genomewide location analysis, which was developed in Young's lab. This involves fixing DNA-binding proteins to their binding sites in vivo, using chemical cross-linking, and then fishing out protein-bound DNA fragments with antibody-linked magnetic beads following cell cleavage. After unhooking the proteins, the DNA fragments that were bound to the transcription activators were identified by hybridization against a yeast library in an array.
"We think a key aspect of our study is this novel use of a microarray for locating the actual physical binding of transcription factors on the genome," commented Tom Volkert, one of Young's co-workers. "We hope to go on from here to construct other networks for transcription regulators which will resemble the more familiar metabolic pathways used by biochemists."
The team is now constructing a detailed network map of cell cycle regulation in yeast, and will publish a study similar to the current one on the human cell cycle in the near future. Such advances are likely to be of interest to the pharmaceutical industry, as attention shifts from the genome itself to the proteins it codes for and their interacting pathways in the cell.
